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2004 COMMITTEE OF VISITORS REPORT FOR THE BIOCOMPLEXITY IN THE
ENVIRONMENT COMPETITION (2001-2003)

1.0 OVERVIEW OF FINDINGS AND RECOMMENDATIONS

The Committee of Visitors (COV) for the National Science Foundation’s (NSF) Biocomplexity in the
Environment (BE) competition met in Washington, DC, on February 25-27 to review the BE research
program. BE is a cross discipline activity involving seven directorates and two offices (Geosciences;
Biological Sciences; Computer and Information Science and Engineering; Education and Human
Resources; Engineering; Mathematical and Physical Sciences; Social, Behavioral, and Economic
Sciences; Office of International Science and Engineering; and Office of Polar Programs). The BE
competition consists of five topical areas: 1. Dynamics of Coupled Natural and Human Systems
(CNH); 2. Coupled Biogeochemical Cycles (CBC); 3. Genome-Enabled Environmental Science and
Engineering (GEN-EN); 4. Instrumentation Development for Environmental Activities (IDEA);

5. Materials Use: Science, Engineering, & Society (MUSES).

The COV was charged to evaluate the “integrity and efficiency of the program’s processes and
management” and to assess the “outcomes and outputs” in terms of NSF’s strategic areas of “people,
ideas, and tools.” The COV reviewed material related to the BE competition for all five topical areas
for solicitations for the 2001-2003 time period (NSF 01-34, 02-010, 02-67). The COV developed
consensus findings and recommendations for the BE competition as a whole. The COV did not
evaluate proposals or programs outside of the competition, e.g., activities supported by the
“unfenced” BE priority area funds. The COV, as the first to evaluate a multidisciplinary, cross-
cutting, NSF-wide activity on the scale of BE, also was asked to provide comments on the COV
process itself, particularly with respect to applying the COV template to a multi-disciplinary priority
area. The following discussion summarizes the BE COV’s findings and recommendations; more
specifics are covered in the responses to Questions A, B, and C in the COV template.

Outcomes and Outputs. A key finding of the COV is that the NSF through the BE competition has
fostered an important new area of multidisciplinary research addressing challenging environmental
questions, including the explicit role of humans. The BE program components are responsive to
needs of the research and education communities, decision-makers and the general public. Although
there was initial confusion as to the exact definition of biocomplexity when the competition was first
introduced in the FY99 solicitation, BE has evolved into truly a cross-cutting competition with five
topical areas covering a broad range of multidisciplinary research.

A large part of the extraordinary success of the BE program is a result of the leadership and
dedication of the NSF staff, who not only nurtured the fledgling program while conducting a high
quality and rigorous evaluation of proposals, but who also maintained exceptional excitement and
enthusiasm for BE research objectives.

There has been an impressive response from the community as demonstrated by the development of
new multidisciplinary communities, the realignment of departments and resources in universities, the
establishment of new centers, the creation of a new journal dedicated to biocomplexity, the
establishment a new Gordon Conference series in biocomplexity, and the inclusion of workshops and
special sessions on BE at professional society meetings. These responses demonstrate that NSF has
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met a need in the community for multidisciplinary research and education to address environmental
challenges. The explicit requirement for integration of research and education in the request for
proposals has resulted in strong educational and outreach activities in the BE proposals. Examples of
outcomes from awards include new undergraduate courses, professional development programs for
teachers, inclusion of minority groups in research experiences, and outreach to the general public.

BE, particularly CNH, is to be commended for its efforts to incorporate the social sciences into the
program and its competitions. The program’s emphasis on interactions and impacts of human factors
in the global ecological system has ensured the early inclusion of social sciences in this new area of
research. The COV believes this may contribute to more mutual partnerships between the social and
natural sciences than commonly occurs. Although the multidisciplinary community is growing,
collaborations between social scientists and natural scientists and engineers have not yet achieved the
levels hoped for by members of the COV and some NSF staff. The following observations are made
with the COV’s recognition that there are difficulties bringing these communities together. The COV
found that in many instances social sciences were interpreted as “societal impacts” in proposals. The
COV also found the definition of social sciences to be somewhat narrow to date, focusing primarily
on quantitative social sciences. The COV recommends that the program’s view of relevant social
sciences be expanded to include rigorous qualitative as well as quantitative methods. In addition to
developing ever more complex models of natural and human coupling, research should increasingly
attend to more sophisticated surveys and analyses of human (inter)actions, processes, values, and
decisions that can help elucidate biocomplexity, but that cannot be adequately captured in
quantitative models.

The COV recognizes that the current BE Priority Area ends in 2005 and the future structure for the
multidisciplinary research that the BE competition has fostered is uncertain. NSF staff indicated that
there is a commitment to continue support as a cross-cutting multidisciplinary area. However, the
COV cannot emphasize strongly enough that it is important for NSF to continue its support of
environmental research that goes beyond current disciplinary and educational research frameworks.
An important question for NSF to consider as it launches new interdisciplinary, cross-cutting
programs is how it will sustain the new communities once they germinate. An understanding of the
realistic time frame for maturation of interdisciplinary teams and communities must be incorporated
into the NSF management plan. Educational institutions are moving in the direction of BE, partly
because NSF has fostered this research by providing funding and partly because the environmental
challenges of the future demand this structure. Interdisciplinary efforts, including those undertaken
by untenured professors, may become less attractive if the foci of priority areas change on time scales
that are mismatched with time scales of major environmental problems and with the building and
maturation of a scientific community able to address these problems.

Also of concern is the overall level of support for the BE solicitations, the success rate in proposal
competitions, and the average funding level of an individual BE researcher. These concerns could
also apply to other priority areas envisioned for the future. When the success rate drops to some
critical value (perhaps below 10% or even 20%), future solicitations lose significant community
interest and participation. Low success rates place a burden on the entire system of proposal writers,
proposal reviewers, and program staff. A key question is at what point is the solicitation no longer
“efficient?” When the funding level per investigator drops below some critical threshold, BE runs
the risk of no longer being a leader and catalyst, but rather a provider of supplemental funding for
existing activities. The COV recognizes the dilemma that NSF faces, but recommends that this
complex suite of variables be seriously evaluated in planning for future multidisciplinary programs.



Integrity and Efficiency of Program’s Review Processes. The COV was impressed with the integrity
of the BE award process. Conflicts of interest were dealt with according to NSF guidelines. The
topical area team members go to great lengths to populate panels with reviewers having the
appropriate breadth and depth of expertise and diversity. According to BE team members, they look
for reviewers with the appropriate “fuzzy edges,” who are able to cross disciplinary boundaries.
Although not voiced by the BE team leaders, the COV was concerned that the “fuzzy edges”
population might be small and that “burn out” of reviewers could eventually become a problem. The
COV recommends that NSF recruit reviewers from other new, cross-cutting programs. COV
members specifically suggested that graduates from IGERT programs would good new reviewers. It
was noted that the experience gained by new researchers who serve on these interdisciplinary panels,
along side more experienced members, provides them with important training in interdisciplinary
reviewing and research. The inclusion of new scientists, minority scientists, and scientists from
minority and four-year colleges in these review processes is actually a mechanism for entraining
them into interdisciplinary research and education.

The efficiency of the review process was excellent. The time from submission to notification of an
award or a decline was almost always less than 6 months. The only exceptions were the decline
process for the largest of the topical areas (CBC) in 2001 and the award process in 2003, when the
Congressional budgeting process made decision-making impossible until late in the fiscal year.

The review process documentation often included individual ad hoc (mail) reviewers and always
included reviews from at least three panel members, a panel summary written by one of the reviewing
panelists, and a Form 7 written by a program officer to summarize the entire review process.
Although most of the documentation was thorough, there was considerable variability in the level of
detail from jacket to jacket. The COV found that panel summaries were sometimes incomplete with
regard to details of the panel discussion. Although this incompleteness is understandable given the
fast pace of panels, the panel summary is really the only written document that synthesizes NSF's
evaluation of a proposal for the PI. It is therefore essential that panelists always write complete and
accurate panel summaries, and that NSF staff remind panelists of this obligation and ensure that it is
discharged. Also, the COV found that some Form 7s were not well documented regarding the final
post-review award/decline decisions for proposals in the “fundable” category. Total numbers of
fundable proposals always substantially exceeded funds available. It was not always made explicit
what criteria NSF teams used to make the final decisions to award or not to award some of the
proposals categorized as fundable by reviewers and panel. Although the BE team leaders uniformly
said that extensive discussions were held during panel and in the post-panel team meetings, they
agreed that the panel summaries and Form 7s did not always capture the essence of these discussions.
Competing responsibilities for program officers’ time may again be the culprit with the uneven
details in Form 7s. The use of a program assistant as recorder, both in the panel and post-panel
discussions, could help provide the additional documentation. The COV recommends that the final
award and decline decisions be documented consistently and in sufficient detail to make the decision
process clear to a COV member when reviewing jackets. The COV also recommends that necessary
staffing is allocated to make this possible.

One issue that affected the efficiency of the COV review, and that could also affect the efficiency of
the ad hoc and panel reviewers was the difficulty in easily discerning the number, identity, and
composition of all members of the research team (institution, gender, membership in
underrepresented groups, new vs. established co-PI, international affiliation if a collaborator from
outside the US, etc.), understanding the role and tasks of each researcher participating in the
interdisciplinary project, and the dollars requested by each participant. The COV recommends that
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BE proposals have an additional form or table, not counted against the page limit for project
descriptions, that clearly identifies each participant (i.e., PI, co-PI, Senior Person, collaborator,
consultant, and named junior persons or trainees), her/his institution, area of expertise, brief statement
of her/his contribution to the research, and dollars requested. (A summary table like this is required
for proposals submitted to the interagency National Ocean Partnership Program, NOPP). Such a
summary table would not only ease the assessment of the inter-disciplinary, inter-institutional, and
international dimensions of proposals during the review process, it would also enable program staff to
track what fields of science are being supported by cross-directorate initiatives.

The COV notes that although all BE proposals included an educational component that could have
been discussed under Criterion 2, most of the written individual and panel summary reviews did not
address Criterion 2 in great depth. The COV believes that lower emphasis on Criterion 2 is not a BE-
specific issue, but an NSF-wide issue. It is noteworthy here, however, because the proposals were so
rich in Criterion 2-related activities. The NSF team leaders noted that the education component was
discussed in panel and was important in decision making, although the written documentation does
not always reflect such discussions. Suggestions for addressing this problem in written reviews
include: (a) redesign of the review form on Fastlane so that reviewers are asked to more fully address
the individual questions under Criterion 2 as well as any specific review criteria required by the
solicitation; (b) posting online of generic exemplary reviews, both good and bad; (c) clear and
repeated guidance to the panelists to address Criterion 2 and other solicitation-specific criteria.

Integrity and Efficiency of Program’s Management. Topical team members are the heart and soul of
BE. The quality of the review process is a product of the quality and expertise of the team members.
It is through their cooperation, each coming from a strong background in some disciplinary science,
and commitment to expanding boundaries that the high quality of these topical areas is maintained.
However, team members are under enormous pressure from above and below. Despite these
pressures, they make the program work and are directly responsible for its success. Special
competitions such as BE add to an already demanding workload. Somehow team members are able to
reconcile conflicting programmatic demands and time commitments. After discussions with team
members, the COV believes that release time and increased staff support are needed to avoid “burn
out” amongst BE team members. The COV strongly advises NSF to seriously review the
management structure with an eye to efficient and sustained use of NSF’s greatest resources — the
program officers (please refer to COV response to Question B4).

There is uniform agreement that the budgeting process for BE is unwieldy, burdensome, and
markedly inefficient. The budget process requires an inordinate amount of BE staff time, increases
stress, and is a major impediment to efficient management. The COV questions why such a
universally disliked process remains in place. Is it a result of the NSF budgeting structure, where
most monies reside in programs while BE is a cross-disciplinary activity? The COV recommends that
NSF explore options for improving the budgeting process, not only to improve BE, but to provide
improved efficiency for future cross-cutting activities.

Another concern raised by BE team members is the lack of BE funding for site visits to permit
follow-up assessments for large projects funded through BE. Funds for site visits often must come
from the “day job” of team leaders or members (and competed with limited program or division
funds). Although the BE principal investigator workshops allow some level of assessment of funded
projects, the COV recommends that funds be set aside to allow for site visits of large BE projects.



Improving the COV Process. The charge to the COV to evaluate the BE Competition in two and a
half days, including the examination of 150 proposal jackets and considerable other relevant material,
was quite daunting. To make such review efforts more feasible, it is critical that NSF look closely at
the template questions and ensure that they are relevant to the program under review and that the
material required to answer the questions is easily available. There were several questions that the
COV could not address either because data were not available or the question was not appropriate for
a multi-disciplinary activity such as BE. Sometimes the committee spent considerable time before it
came to the realization that these questions could not be addressed. This time lost caused stress and
frustration for the COV. For example, questions under section A4 could not be answered due to lack
of data, specifically those addressing the “appropriate balance” questions for geography, types of
institutions, under-represented groups, new investigators. Data were also not available to answer
questions about interactions with related programs and comparisons to other cross divisional
programs.

The COV recommends the following actions to improve the process in the future, particularly in
preparation for the two broad multidisciplinary COVs that are soon to follow (Nanoscale Engineering
and Science and Information Technology Research):

1. summary material and tables available in advance in an organized fashion (COV
members couldn’t easily determine what new material was recently added to the COV
web site);

2. Dbetter organization of materials in the COV binders;

3. more time with team leaders, possibly in subgroups, to better understand challenges of
cross-cutting competitions;

4.  more time with the jackets (only possible if the remainder of the process is very
efficient);

5. aseparate table in future proposals to cross-cutting programs that lists who, where,
what (contribution) and how (much money) to follow the cover page;

6. accessible data on items requested, which evidently were not accessible across
directorates;

7. data on co-Pls, which may not be available because they are officially subcontractors
and not co-Pls.

2.0 BE COV PROCESS (February 25-27, 2004)

The COV for NSF’s BE competition met at NSF on February 25-27, 2004, to review the research
programs in the five topical areas (CNH, CBC, GEN-EN, IDEA, and MUSES). The COV was
instructed in NSF’s conflict of interest policy and given its charge on the morning of the first day.
Margaret Cavanaugh, the head of the Working Group for Environmental Research and Education
(WG-ERE) that provides high level management for BE, and Joan Roskoski, who led the BE
competition in FY99 and FY00, provided an overview of BE. They outlined the early activities that
were the precursors of BE, the initiation of priority areas, the establishment of the WG-ERE, which
among other things sets policies for BE, and the creation of the Advisory Committee for
Environmental Research and Education (AC-ERE). The presentation also discussed BE’s early years
(1999 and 2000), the initiation of the five topical areas and integrative elements (i.e., quantitative
approaches, education, and global perspective), and a short discussion of major accomplishments and
issues. H. Lawrence Clark of Ocean Sciences took the committee through a detailed look at the COV
template and pointed to sources of information relevant to the various questions.



One of the major tasks of the COV was to evaluate the proposal review process. To do this, the
committee had access to 150 proposal jackets, a sample from the 850 proposals submitted to the BE
competitions during the three years under review. These jackets were selected using the following
procedure. There was a proportional allocation (based on the number of proposals) of the 150
proposals to the various topical areas. In each topical area an equal number of awards and declines
were selected. One third of the awards and declines were “clear” awards and declines, based on high
or low review scores. Two thirds of the awards and declines were selected randomly based on review
panel scores from the “gray” area. This category included proposals with scores that were not
necessarily clear awards or clear declines.

In the afternoon of day one the committee split into two groups to review proposal jackets. The two
groups were organized by topical area. One group reviewed jackets from CNH, MUSES and IDEA
and the other group reviewed jackets from CBC, GEN-EN and IDEA. This division of labor was used
to facilitate review of the jackets. Each committee member was asked to review 15 jackets.

Although a committee member could review more than the assigned 15 jackets if time permitted,
some COV members reviewed less than 15 jackets due to the steep learning curve required to
navigate the jackets. In addition to jackets, other material was available for review. These included
project reports, summary statistical tables and graphs relating to many of the COV questions, and
other relevant information provided on the BE COV web site.

The committee reconvened at the end of day one to discuss jacket reviews, ask questions, and prepare
for meetings with topical area team leaders and team members the next morning. The COV spent
some time in the morning on day two continuing jacket review. Two hours were spent with the
topical area team leaders and representatives from EHR and INT. The plan had been to meet the NSF
program officers included in BE reviews without management. However, because some of the
topical team leaders are also members of the managing WG-ERE, it was not possible to do so.
Nevertheless, the COV felt it received candid opinions on management and other issues associated
with BE in follow-up discussions and emails. Team leaders and members attending the morning
meeting included Thomas Baerwald — CNH, Donald Rice — CBC, Matthew Kane — GEN-EN,
William Zamer — GEN-EN, Joan Frye — IDEA, Donald Burland — IDEA, Delcie Durham — MUSES,
Frances Li — international resource for BE, and David Campbell — education resource for BE.

On the afternoon of day two the committee convened to begin drafting the COV report. Each member
of the COV was assigned as a scribe for specific questions of the COV template. These scribes were
not responsible for answering the questions, but for capturing the discussion in committee and
providing text to the co-chairs. Until the end of the review on the afternoon of day three, the
committee continued to review jackets and other materials, develop consensus answers to the COV
questions, and write the report. At noon on day three, the COV presented its draft recommendations
and findings to Margaret Leinen, Assistant Director for Geosciences (AD/GEO); Dr. Leinen is also
the AD responsible for the Biocomplexity in the Environment initiative.

The COV was ably assisted by numerous NSF staff and we wish to thank all of those involved for
their support. In particular, we would like to thank Margaret Cavanaugh and H. Lawrence Clark for
bringing this hard working committee together, Mary Mosley for logistical arrangements, Melissa
Lane for pulling together all of the information we requested, and the science assistants Robyn Smyth
and Sayuri Terashima for arriving early, staying late, taking notes, and cheerfully assisting us with
our numerous questions.



3.0 PART A. COV TEMPLATE: INTEGRITY AND EFFICIENCY OF THE PROGRAM’S
PROCESSES AND MANAGEMENT

3.1 A.1 Questions about the quality and effectiveness of the program’s use of merit review
procedures. Provide comments in the space below the question. Discuss areas of concern in the
space provided.

YES, NO,
DATA NOT
QUALITY AND EFFECTIVENESS OF MERIT REVIEW PROCEDURES | AVAILABLE,
or NOT
APPLICABLE

1. Is the review mechanism appropriate? (panels, ad hoc reviews, site visits) | Yes
Comments:

Peer review panels were constituted to review proposals in all five of the topical
or thematic areas of BE. There were differences among the different topical
areas with regards to the use of outside mail reviews. Seven directorates and
two offices were involved in this cross-cutting effort; the mechanism of a
specific review reflected the practices of the directorate leading that review. The
larger proposals were reviewed by interdisciplinary panels with generally four or
more written reviews, in addition to a consensus panel summary. The smaller
planning proposals were commonly reviewed by a panel made up of NSF
program directors who were not involved with the BE review process; this group
included both permanent NSF scientific personnel and rotating scientists. A
similar process of written individual reviews and a summary recommendation
was used by this internal review. In summary, a rigorous peer review
mechanism was in place for these competitions.

2. Is the review process efficient and effective? Yes
Comments:

The efficiency of the review process was very good. The time from submission
to notification of an award or a decline was almost always less than six months.
The only exceptions were the decline process for the largest of the topical areas
(CBC) in 2001 and the award process in 2003, when the Congressional
budgeting process made decision-making impossible until late in the fiscal year.




3. Are reviews consistent with priorities and criteria stated in the program’s
solicitations, announcements, and guidelines?

Comments:

The written reviews reflected well the solicitations, announcements, and
guidelines. There seems to be a strong commitment by the reviewers to make
this a successful interdisciplinary competition. The reviewers in the various
topical areas sometimes wrestled with the definition of “biocomplexity” as it
related to the individual topical areas, but the reviews showed a good general
understanding of the goals of the topical areas as described in the program
announcement. Both ad hoc and panel reviewers were conscientious in
evaluation of Criterion 1. However, one recurrent problem was the uneven
attention by panelists and mail reviewers to Criterion 2 and to the special criteria
for the various BE competitions. This unevenness in attention appeared due not
to any failure on the part of NSF, but the inability of reviewers to understand
these criteria or uncertainty or unwillingness to evaluate the proposals in light of
these criteria. In the COV discussions, it was noted this is not a BE-specific
issue but an NSF-wide issue. Some suggestions for addressing this problem
include: (a) redesign of the review Form on Fastlane, so that reviewers are
asked to more fully address the individual questions Criterion 2, as well as any
other program-specific review criteria, in separate response fields; (b) posting
online, or providing, generic models of reviews, both good and bad; (c) clear and
repeated guidance to the panel to comment on all criteria. During the interview
with the Team Leaders for the BE competitions, they noted that the other
criterion were discussed in panel, even when reports of such discussions were
not captured in written panel summaries or Form 7s.

Yes

4. Do the individual reviews (either mail or panel) provide sufficient
information for the principal investigator(s) to understand the basis for the
reviewer’s recommendation?

Comments:

Individual reviews range widely in quality and detail. Overall, most of the
reviews provide needed feedback to the investigators, but there are some cases
where the information in the review is overly curt or lacking in conciseness and
clarity. It is suggested that ad hoc/mail reviewers and panelists receive generic
examples of well-prepared and poorly-prepared reviews (or a URL pointing to
such examples) along with their proposal assignments as guidance.
Heterogeneity in reviews is a fact of life, but it is recommended that thorough
and a